Objectives To examine the associations between return to pivoting sport following ACL reconstruction (ACLR) and knee osteoarthritis (OA), and self-reported knee symptoms, function and quality of life after 15 years. Methods Study sample included 258 participants with ACLR 15 years previously. Return to pivoting sport (handball, soccer and basketball) data were collected by interviews, and symptomatic OA was defined as Kellgren and Lawrence grade ≥2 plus almost daily knee pain in the last month. Self-reported symptoms, function and quality of life were assessed with the Knee Injury and Osteoarthritis Outcome Score. Adjusted regression models were used to analyse the associations between return to pivoting sport and OA (present or not), and self-reported outcomes. P values ≤0.05 were considered statistically significant. results Two hundred and ten (81%) participants (57% men) with a mean age of 39.1 (±8.7) years completed the 15-year follow-up, and 109 (52%) had returned to pivoting sport. Returning to pivoting sport was associated with less symptomatic OA (OR 0.28, 95% CI 0.09 to 0.89) and radiographic OA (OR 0.40, 95% CI 0.17 to 0.98), adjusted for age, sex, combined injury, self-reported knee function, and time between injury and surgery. Those who returned to pivoting sport had better function in activities of daily living (ADL). Conclusion The participants with ACLR who returned to pivoting sport had lower odds of knee OA and better self-reported ADL function. Further investigation is required to understand the clinical significance of these findings.
InTrOduCTIOn
The prevalence of knee osteoarthritis (OA) is alarmingly high in middle-aged individuals with an ACL tear. [1] [2] [3] The pathogenesis of the post-traumatic degenerative disease process is unclear, with many factors likely to contribute immediately after the ACL tear. 4 5 Intra-articular damage to the cartilage, menisci and subchondral bone, and inflammatory responses following a high-impact knee injury, may initiate a degenerative process. 6 7 Medial meniscal injury suffered along with the ACL tear, or later, is the only well-documented risk factor for knee OA. 8 Conflicting evidence exists on the influence of high body mass index (BMI), a long time period between injury and surgery, 8 and muscle weakness. 9 10 The association between return to sport following ACL tear and knee OA is unknown. The ACL tears often occur during participation in pivoting sports, such as soccer. 11 Pivoting sports cause high-impact loading on the knees, and a higher prevalence of knee OA has been reported in uninjured soccer players compared with a matched group of military personnel. 12 Returning to pivoting sport following an ACL tear with poor knee function may predispose for future knee OA. 13 There is low-quality evidence to support a relationship between sport participation and OA in elite individuals with ACL tear, based on recent systematic reviews and meta-analyses. 8 14 15 ACL reconstruction (ACLR) individuals who return to sport seem to have better self-reported knee function compared with those who do not return, 16 but conflicting results have been published. 17 The primary aim of this study was to examine the association between returning to pivoting sport following ACLR and knee OA at 15 years post-ACLR. The secondary aim was to assess the association between returning to pivoting sport and self-reported knee symptoms, function and quality of life at 15 years post-ACLR. We hypothesised that participants who returned to pivoting sport following ACLR had a higher prevalence of knee OA than those who did not return to pivoting sport.
MATerIAls And MeThOds study design and participants
This is a secondary analysis using data from a prospective cohort study of 258 men and women who had an ACLR at four different hospitals in Oslo, Norway, in the period between 1990 and 1997. The participants were consecutively included in four projects (two randomised controlled trials and two cohort studies) after they were scheduled for reconstructive surgery. The four projects had the same inclusion and exclusion criteria, but with different objectives, including differences in surgical graft types, surgical methods and functional outcomes. [18] [19] [20] [21] Longitudinal results of knee function and knee OA have previously been published. [22] [23] [24] The inclusion criteria for the study were men and women between 15 and 50 years, and an arthroscopically verified ACL tear. The participants had either an ACL tear in isolation, or in combination with other injuries such as collateral ligament tears, meniscus injuries and/or cartilage injuries. Individuals with other major injuries to the lower extremities that were suffered less than 1 year before surgery, and posterior cruciate ligament injury or contralateral ACL tear were excluded.
Original article study setting and ethical considerations
The same research team with physiotherapists and orthopaedic surgeons conducted all clinical and functional assessments at Oslo University Hospital at 6 months, 1, 2 and 15 years post-ACLR (figure 1).
The study participants signed an informed consent at the 15-year follow-up.
surgical procedure and rehabilitation
The surgical procedures are described in previous published studies and included reconstruction of the torn ACL using bone-patellar-tendon-bone autograft in 221 participants 25 and hamstrings tendon autograft in 37 participants. 18 All the participants went through a structured, individualised rehabilitation programme, with exercises targeting dynamic stability and increasing quadriceps and hamstrings muscle strength.
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Assessment of return to pivoting sport Pivoting sport was defined as level I sports according to Hefti et al, 26 and included soccer, handball, basketball, tennis and other ball games with rapid start and stop movements.
Information on return to pivoting sport was collected by interviewing each study participant at the 15-year follow-up. The following questions were asked: (1) Did you return to pivoting sport following ACLR? (yes/no); (2) What pivoting sport did you return to? (open question); (3) How many months post-ACLR did you participate in your first competitive game?; (4) What was the highest level of sport you returned to after ACLR (elite or recreational, both may include competitive games); (5) How many months/years did you participate in pivoting sport following ACLR? Furthermore, there were questions about why participants did not return to their preinjury level and the reasons for not returning to pivoting sports following ACLR. Data from question 1 were used as independent variable in the analyses. To evaluate the validity of the return to pivoting sport data, we compared data from question 1 with the Tegner Activity Scale (0-10) data collected for the first 120 included participants at 2 years post-ACLR.
Outcomes
At the 15-year follow-up, radiographic examination of the tibiofemoral joint was conducted bilaterally using a frame to standardised standing position (SynaFlexer frame from Synarc, California, USA). The frame ensures approximately 20° flexion in the knee joints and 5° external rotation of the feet. This position has been shown to be reliable for measurement of joint space width. 27 Our senior musculoskeletal radiologist read all the radiographs according to the Kellgren and Lawrence (KL) classification system (0-4). Radiographic OA was diagnosed as grade 2 (osteophytes and possible joint space narrowing) or higher, defined as KL ≥2. We have previously published interrater and intrarater reliability results for the radiologist and one orthopaedic surgeon. 23 They read and scored 35 radiographs from the cohort twice with a 4-week interval. Intrarater reliability showed a kappa value of 0.7, and inter-rater reliability showed a kappa value of 0.57. Symptomatic knee OA was diagnosed as KL ≥2 and knee pain almost every day the last month.
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Self-reported knee function was assessed with the Knee injury and Osteoarthritis Outcome Score (KOOS) at the 15-year follow-up. 29 KOOS includes five subscales: pain, other symptoms (Symptoms), function in daily living (activities of daily living (ADL)), function in sport and recreation (Sport/Rec), and knee-related quality of life (QoL). Each subscale was converted to a 0-100 score, where 0 indicated worst possible score and 100 indicated best possible score, according to the recommendations posted at www. koos. nu.
Covariates
Covariates of knee function were included in the analyses because we believed that those with better function early post-ACLR would be more likely to return to pivoting sport. The Cincinnati Knee Score 30 was included in the prospective study to measure self-reported knee function. Isokinetic knee extensor and flexor muscle strength tests (Cybex 6000 machine, Cybex Lumex) were assessed at all the follow-ups. 23 The isokinetic strength tests were conducted using the following procedure: the participants warmed up for 6-8 min on a stationary bike. Then, Figure 1 Flow chart of the study participants.
five maximal isokinetic repetitions at 60°/s and a 0°-90° range of motion of the knee joint were performed. Data were presented as total work of the five knee extension/flexion repetitions in Joules (J) divided by body weight (BW). The Tegner Activity Scale 31 was assessed preoperatively and at the 2-year follow-up for the first 120 participants.
Height (in metres) and BW (in kilograms) were measured, and BMI calculated by kilogram/(metres 2 ). Additional knee injuries suffered at the time of the ACL tear or during follow-up (in this study referred to as combined injuries), or ACL graft tears, were recorded by asking the participants at the 15-year follow-up if they had had any new knee injuries or surgeries. To verify this information, we read the individual surgical files and medical records. Data on combined injuries and ACL graft tears included all injuries up to the 15-year follow-up.
statistical analyses
Descriptive statistics were presented as number (n) and percentages (%) for categorical variables, as median (range) for non-normally distributed continuous variables, and as mean and SD for normally distributed variables. Shapiro-Wilk test was used to analyse normality of the variables. Analysis for assessing the validity of the retrospectively collected return to pivoting sport data was conducted as follows: Tegner Activity Scale data from 2 years post-ACLR were dichotomised into score ≥6 (pivoting sport) vs <6 (no pivoting sport), and associated to the return to sport rate (question 1) with Pearson's Χ 2 test. We anticipated that those who wanted to return to pivoting sports had done so by 2 years post-ACLR.
To analyse the aims of the study, we used adjusted regression models. The associations between symptomatic and radiographic knee OA (present or not) at the 15-year follow-up (dependent variables) and return to pivoting sport (independent variable) were analysed by logistic regression analyses. Possible confounding factors for these associations were included on the basis of previous analyses on this cohort, 9 which identified age and meniscal injuries as risk factors for radiographic knee OA and poor knee function post-ACL for symptomatic knee OA. In addition, the covariates were included on the basis of group comparisons between those who returned versus those who did not return to pivoting sport by Pearson's χ 2 tests, Student's t-tests or Mann-Whitney U tests. Based on these analyses, the covariates were sex, self-reported knee function at 6 months post-ACLR, and time between injury and surgery. Linear regression models were used for all the five KOOS subscales (dependent variables) and return to pivoting sport (independent variable). Multicollinearity was not found between the covariates, assessed by correlation analyses. Other assumptions for linear regression analysis were considered not violated, because the independent variable of interest (return to sport) was dichotomised. Possible confounding factors were considered to be age, sex, combined injury and self-reported knee function at 6 months post-ACLR.
Group comparisons with non-parametric tests were conducted for age, sex and the Cincinnati Knee Score at 6 months post-ACLR between those who dropped out of the 15-year follow-up (n=48) versus those who met (n=210).
Results with P values of ≤0.05 were considered to be statistically significant.
resulTs
Of the 258 participants in the prospective cohort, 210 (81%) provided data at the 15-year follow-up ( figure 1 ). There were no significant differences in age (30±7 vs 27±8) or Cincinnati Knee Score at 6 months (77±13 vs 74±15) between those who provided data at the 15-year follow-up and those who did not. Participants had been injured while participating in soccer (n=70, 33%), handball (n=37, 18%) or alpine skiing (n=45, 21%). The combined injuries (61%) consisted of meniscus injuries in 84 participants (40%), meniscus injury in combination with collateral injury in 5 (2%), a combination of meniscus injury, collateral ligament injury and chondral lesion in 3 (2%), meniscus injury and chondral lesion in 29 (14%), and chondral lesion only in 7 (3%) study participants. 32 Ten (8%) of the total 128 participants with additional injury suffered the injury in the period between ACLR and the 15-year follow-up.
Overall, 71% (n=149) returned to some type of sports following the ACLR, but only 52% (n=109) returned to pivoting sports (table 1) . Of those who returned to pivoting sports, 51% reported that they returned to their preinjury sport. The median (range) time before participating in competitive play following ACLR was 10.5 (4-120) months. The median (range) duration participating at the same level for those who returned to pivoting sport was 42 (0.5-144) months (n=61, missing data for n=48). Of those who did not return to pivoting sport, 59% reported it was because of symptoms from their ACLR knee.
There was a statistically significant association between Tegner Activity Scale at 2 years and the rate of return to pivoting sport (Pearson's χ 2 : 22.03; P<0.000) (table 2). Participants with ACLR who returned to pivoting sport were younger, had shorter time between injury and surgery, and had better self-reported knee 
Association between return to pivoting sport and selfreported outcomes
Participants who returned to pivoting sport had significantly better KOOS ADL compared with those who did not return to pivoting sport adjusted for covariates (table 4) . No statistically significant associations were found between return to pivoting sport and the other KOOS subscales. Figure 2 shows the KOOS profiles for the group that returned to pivoting sport versus the group that did not return to pivoting sport.
dIsCussIOn
Our hypothesis that participants who returned to pivoting sport following ACLR had more symptomatic OA at 15 years post-ACLR was not supported. In fact, the participants who returned to pivoting sport had significantly lower odds of symptomatic and radiographic Covariates in the multivariate model were age, sex, combined injury, self-reported knee function, and time between injury and surgery. Reference groups: not returning to pivoting sport; women, having isolated injury. *Cincinnati Knee Score (0-100). KL, Kellgren and Lawrence; OA, osteoarthritis. OA and better self-reported ADL function. However, the clinical relevance of the 3.4 points greater KOOS-ADL score in the return to pivoting sport group is questionable.
Association between return to pivoting sport and OA
Those who returned to pivoting sport had less symptomatic and radiographic knee OA than those who did not return. The causal factors for this are unknown. The participants who returned to pivoting sport may have had a less serious injury with less intra-articular damage than the participants who did not return to pivoting sport, but no data including intra-articular damage to the bone marrow or subchondral bone, or inflammatory markers, were available. Those who returned to pivoting sport may also have had a combination of beneficial factors making them well prepared to return to pivoting sport. Because 59% of those who did not return reported that this was because of poor knee function, this group may have lacked the required functional level to return and sustain good knee health over time. In addition, 30% of those who did not return to pivoting sport returned to alpine skiing, considered as a level II sport, but still knee-demanding. Many ACLR athletes who desire to return to sport 33 lack motivation during the rehabilitation phases, which can affect knee function at the time when others return to sport. Ardern et al 34 reported from a follow-up study of 2-7 years of ACLR individuals that 61% had returned to their preinjury level and 41% had participated in competitive sport at some time after surgery. In line with our results, Ardern et al found that younger people were more likely to have returned to their preinjury sport compared with older individuals. Other literature has shown that men below 25 years of age and those being psychologically ready to go back to sports have a higher likelihood of returning. 35 Both physical and psychological factors seem to influence the return to competitive sport after ACLR. 16 36 37 The current study indicates that returning to pivoting sports with a good self-reported knee function does not increase the longterm development of knee OA. However, our study participants demonstrated decreased activity level from preinjury to the 2-year follow-up (according to Tegner activity data in table 2), indicating that they may have changed to activities that are more beneficial for future knee joint health, such as cycling. More emphasis on adequate rehabilitation including optimal knee function for all ACLR patients is warranted to prevent development of OA.
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Association between return to pivoting sport and knee function at 15 years
The self-reported KOOS ADL was statistically significantly better in the group that returned to pivoting sport than in the group that did not return to pivoting sport. However, the betweengroup difference was only 3.4 points on the KOOS subscale and is probably clinically meaningless. Even though larger group differences were seen for the other KOOS subscale values, the CIs were wider than for KOOS ADL, which may explain the lack of statistically significant differences. Filbay et al 39 reported that subjects who returned to competitive sport at the same or higher level had 12 points higher knee-related quality of life score compared with those who did not return to sport 5-20 years after the ACLR. The greater difference observed by Filbay et al may relate to their inclusion of ACLR patients with knee pain and symptoms, and with shorter follow-up time, which would result in a different sample from the present study.
study strengths and limitations
This study includes a set of prospectively collected data with only 19% loss to follow-up in a cohort of ACLR participants over 15 years. In the multivariate regression models, 164 study participants were included due to missing data for the variables 'time between injury and surgery' and 'the Cincinnati knee score at 6 months post-ACLR'. The results did not change when we reanalysed the data without these variables, thus increasing the numbers. Imputation was not conducted because the groups did not differ for age and sex, and the missing data seemed to be related to random factors, such as not found, declined to participate (mostly due to busy schedule) and living abroad (figure 1).
Although we collected data on return to pivoting sport retrospectively, these data provide a valuable contribution to the literature. While the return to pivoting sport data seem valid compared with the prospectively collected Tegner data at 2 years, recall bias may have influenced the results. Also, we did not define alpine skiing as a pivoting sport, but the Tegner score 6 originally included both pivoting sports and alpine skiing. Thus, we repeated the analysis without the study participants who returned to alpine skiing, but this did not alter the statistically significant association between Tegner at 2 years and the return to pivoting sport data from the 15-year follow-up.
Return to sport is a difficult topic as it represents at least three main components: return to participation (return to play), return to sport (type of sport/preinjury sport) and return to performance level (preinjury sport and level). 40 Elite athletes are more than twice as likely to return to preinjury sport than recreational athletes, 41 and a new meta-analysis showed that 83% of elite athletes returned to preinjury sport after ACLR. 15 In our study we did not use the broad term return to sport. We used return to pivoting sports defined as level I sports according to Hefti et al 26 and Grindem et al, 42 including soccer, handball, basketball, tennis and other ball games with rapid start and stop movements. We had no data on performance level, or exercise frequency, intensity and duration during the follow-up period, factors that might have influenced knee joint health at the 15-year follow-up. Furthermore, we had no data on psychological factors, such as fear of reinjury and lack of confidence, which have been shown to influence the return to sport rate. 43 Finally, this study is a secondary analysis of data from the prospective cohort study, which limits the internal validity of the study. In addition, multiple comparisons in our analyses may have given spurious significant associations. Thus, interpretations should be drawn with caution. 
Original article COnClusIOn
The participants with ACLR who returned to pivoting sport had lower odds of symptomatic and radiographic OA, and a small but possibly clinically meaningless difference in function related to ADL. Further investigation is required to understand the clinical significance of these findings.
What are the findings?
► Participants with ACL reconstruction (ACLR) who returned to pivoting sport had lower odds of symptomatic and radiographic osteoarthritis (OA) after 15 years. ► Participants who returned to pivoting sport were younger and had better self-reported knee function in the early phase post-ACLR.
how might it impact on clinical practice in the future?
► Young athletes with ACLR should regain good knee function before they return to pivoting sport. ► Returning to pivoting sport after ACLR may not harm knee health in the long term for those with adequate knee function in the early phase.
